Abstract
Introduction
Many attempts have been made to determine what anthropometric index of central obesity is the best predictor of cardiovascular risk factors in different ethnic populations. Waist circumference (WC) is a simpler measurement of central adiposity than waistto-hip ratio (WHR). Few studies have compared the two measurements as predictors of some cardiovascular risk factors in different ages, especially in overweight and obese women.
WC is being accepted as a better anthropometric indicator of central adiposity for predicting cardiovascular risk factors than WHR [1] , but a survey found that WHR is a better index of central obesity than WC [2] . Some studies have also reported that there is not much difference between the two indices as predictors of cardiovascular risk factors [3, 4] . This controversy may be due to differences in body composition and fat distribution in persons of different racial groups [5, 6] , age groups [7] , and sexes [8] .
However, evaluation of indices of central obesity and cardiovascular risk factors must be controlled for overall adiposity. Body mass index (BMI), one of the anthropometric indices for estimating overweight and obesity, may not be a good measurement of fatness in older persons [9] . The objective of the present study was to determine which anthropometric index of central obesity (WC or WHR) is a better predictor of cardiovascular risk factors in overweight and obese Iranian women.
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As another aim of the study, we also discuss in detail the prevalence of some cardiovascular risk factors in our population. Because obesity is more prevalent among women than among men [10, 11] , we conducted our research on women.
Methods

Study subjects and geographic area
This clinical cross-sectional study was conducted from November 2005 through December 2006 on Sistan and Baluchestani women who were referred to two nutrition clinics in Zahedan. This city is the center of Sistan and Balouchestan Province, which is situated in southeast Iran and is composed of eight cities. All the women were Iranian. There are two ethnic groups in this part of Iran-Shiites and Sunnis-both of which are Moslem. Most of our population were either Shiites or Sunnis.
Inclusion and exclusion criteria
Women with BMI values between 25 and 29.9 kg/ m 2 (overweight) or BMI of 30 kg/m 2 or more (obese) were included in the study. The exclusion criteria were dietary treatment for cardiovascular risk factors, weight loss in the previous 2 months, age below 20 years, BMI less than 25 kg/m 2 or 40 or more kg/m 2 , and any lifethreatening disease. Stunted subjects with BMI less than 18.5 kg/m 2 were also excluded from the study. On the basis of these criteria, 714 overweight and obese women were recruited for the study. Oral consent was obtained from all participants before recruitment into the study. The research was approved by the research ethics committee at Zahedan University of Medical Sciences.
Measurements
All anthropometric measurements were made in accordance with World Health Organization (WHO) standards [12] by trained staff during clinical visits. Height was measured to the nearest 0.5 cm with the subjects standing without shoes, with the heels together, and with the head in the horizontal Frankfurter plane. Body weight was measured to the nearest 0.1 kg with a Seca scale. Waist and hip circumferences were measured to the nearest 0.5 cm. Waist circumference (WC) was measured midway between the lower rib margin and the iliac crest in the horizontal plane. Hip circumference (HC) was measured at the point yielding maximum circumference over the buttocks. BMI was calculated as the weight in kilograms divided by the square of the height in meters, and WHR was calculated as WC in centimeters divided by HC in centimeters. All measurements were regularly calibrated. The Seca scale was set at zero between measurements. The stadiometer was examined by standard calibrated measurement tape.
Evaluation of cardiovascular risk factors
For evaluation of cardiovascular risk factors, a blood sample was drawn between 7:00 and 8:00 A.M. into Vacutainer tubes after a 12-hour overnight fast. The samples were taken with the subject in a sitting position and centrifuged within 30 to 45 minutes of collection. All serum lipid analysis was performed at the Zahedan Blood Transfusion Laboratory. One hour after the collection, analysis of samples was performed with Alcyon Abbott 300. Total cholesterol (TC) and triglycerides (TG) were assayed by enzymatic colorimetric tests with cholesterol esterase, cholesterol oxidase, and glycerol phosphate oxidase (Total Cholesterol and Triglyceride Kits, Pars Azmon). High-density lipoprotein cholesterol (HDL-C) was measured after precipitation of the apolipoprotein B-containing lipoproteins with phosphotungstic acid. Low-density lipoprotein cholesterol (LDL-C) was calculated according to the Friedewald equation [13] . In this study, the following cardiovascular risk factor profiles were used as cutoff ( 
Statistical analysis
All statistical analyses were performed with SPSS software. One-way analysis of variance was used to compare means of some cardiovascular risk factors in the three age groups. The Tukey post hoc multiple comparison test was also used to compare means of cardiovascular risk factors in the different age groups. The prevalence rates of general obesity, central obesity, and high values of some blood measurements were calculated for different age groups. Multiple linear regression was used to determine the relationship between WC and WHR as independent variables and cardiovascular risk factors as dependent variables after adjustment for age and BMI. All mean values are presented as means ± SD. A p value less than .05 was considered to indicate statistical significance. Table 1 shows the means and SDs of height, weight, anthropometric indices, and cardiovascular risk factors in the different age groups. Younger women were significantly taller than older women. Women in the middle age group were heavier than those in the youngest age group. There were no significant differences in weight between the youngest and the oldest group or between the middle and the oldest group. WC was significantly (p < .001) greater in the oldest age group (105.49 ± 11.75 cm) than in the middle (100.48 ± 12.53 cm) and youngest (97.50 ± 12.00 cm) groups. BMI differed significantly between the youngest and the middle groups and the youngest and the oldest groups. TC, TG, and LDL-C were significantly higher among older subjects than among younger. Although older subjects had higher values of WHR, HDL-C, and TC/HDL-C ratios than younger, these differences were not significant.
Results
The prevalence rates of general and central obesity, high TC, high TG, high LDL-C, and high TC/ HDL-C ratios were also higher in the older subjects. For HDL-C, such a difference was not observed (table 2) . Multiple linear regression analysis was used to determine which anthropometric measurement of central obesity (WC or WHR) is a better predictor of cardiovascular risk factors when overall obesity and age are controlled for (table 3) . This regression analysis revealed that WC has a significantly positive relation to TC and TG in the 20-to < 35-year age group (this relation was higher for TC than TG). In the 35-to < 50-year age group, WC is also significantly positively related to TG. In older participants, WHR is significantly positively related to TG. These results were also confirmed with R 2 . In the 20-to < 35-year group, WC is a better predictor of both TC and TG, since R 2 for WC is greater than R 2 for WHR (0.03 vs. 0.02 and 0.05 vs. 0.03 for TC and TG, respectively). These results for ≥ 50 year old subjects were opposite to those for the younger participants. The value of R 2 showed that WHR is a better predictor than WC for both TC and TG (0.01 vs. 0.006 and 0.07 vs. 0.06 for TC and TG, respectively). In the middle age group, although there was not a large difference between the two predictors of TC, the results showed that WC is a better predictor of TG than WHR (R 2 = 0.04 vs. 0.03 for WC and WHR, respectively). There were no differences between the two anthropometric indices of central obesity and other cardiovascular risk factors (LDL-C, HDL-C and TC/HDL-C ratio) in different ages.
Discussion
The mean values of TC and LDL-C significantly increased with age. This finding could be explained by diets rich in saturated fats and cholesterol among women in this region that predispose them to obesity. Women in Sistan and Balouchestan province do not get enough exercise because their husbands do not let them go to gyms due to religious customs. They also eat a lot of greasy foods because of their food habits. Many studies in other parts of Iran have also shown that people consume saturated fats and foods high in cholesterol and do not have an adequate level of physical activity [14] . Women enter menopause around the age of 50, and it is believed that changes in serum TC at this time may be due to the decrease in estrogen and the consequent decrease in LDL-C receptor activity [15] . The age-based trends in serum TC and LDL-C levels are similar to results obtained in other studies [16, 17] .
The mean value of TG also increased with age. This finding could be the result of increased central and general obesity with age (table 2). Serum TG level is affected by diet more than that of other lipids [18] . Increased TG with age in our study can also be attributed to the fact that a high-carbohydrate diet, especially rich in bread, rice, and other cereals, constitutes the main source of energy in the Sistan and Balouchestan population. Given that carbohydrates constitute the bulk of the diet among the Iranian people (50% of energy and 69% of carbohydrates are supplied from bread alone; the second most important source is rice and other grains) [19] , the increase of TG with age in the current study is not unexpected. Similar results were obtained in other parts of Iran [20] . Other changes in anthropometric indices of central and general obesity with age in the current study are in line with the results of other research [21, 22] .
Abdominal obesity is increasingly recognized as a major risk factor for cardiovascular disease. Compared with BMI, anthropometric measurements of abdominal obesity (e.g., WC, WHR, and sagittal abdominal diameter) appear to be more strongly associated with metabolic risk factors [23, 24] , incident cardiovascular events, and death [25, 26] . The results of studies to determine the best anthropometric index of central obesity for predicting cardiovascular risk factors in clinical and nonclinical settings are controversial. Some nonclinical [1] and clinical [27] studies of healthy subjects have shown that WC is better than WHR as an anthropometric index for predicting cardiovascular risk factors. On the other hand, some public health studies have reached opposite conclusions [21] . Controversies about the results of epidemiologic and clinical studies of central obesity may be due to incomplete adjustment for overall obesity. We adjusted our results for BMI and age.
In the present analysis, WC was found to be correlated with TC and TG in the 20-to < 35-year age group and with TG in the 35-to < 50-year group after adjustment for BMI and age. In older participants, WHR was significantly positively related to TG (table 3). We believe that the above reasons for increases in TC 
Conclusions
In view of obtained results, the prevalence of cardiovascular risk factors increases with age. It must be emphasized that overweight and obese women in Sistan and Balouchestan should modify their food habits and increase their physical activity. The results of this study also showed that in a clinical setting, WC is a better index for predicting some cardiovascular risk factors in younger and middle age groups; however, for an older age group, WHR is a better index.
